COMPUTERS 

AND 

AUTOMATION 



CYBERNETICS • ROBOTS • AUTOMATIC CONTROL 




Modern Large-Scale Computer System Design 

. . . Walter F. Bauer 

Logical and Combinatorial Problems in Computer Design 

. . . Robert McNaughton 

Transistorized Magnetic Core Memory 

. . . Bell Telephone Laboratories 





GUIDED MISSILE 

RESEARCH and DEVELOPMENT 






A major guided missile research and development program has several 
significant characteristics that are of particular interest to the scientist 
and engineer. 

First, it requires concurrent development work in a number of dif- 
ferent technical areas such as guidance and control, aerodynamics, struc- 
tures, propulsion and warhead. Each of these large areas in turn contains 
a wide variety of specialized technical activities. As an example, digital 
computer projects in the guidance and control area involve logical design, 
circuit design, programming, data conversion and handling, component 
and system reliability, input-output design, and environmental and 
mechanical design, 

A second characteristic is frequently the requirement for important 
state-of-the-art advances in several of the technical areas. For instance, the 
supersonic airframe needed for a new missile may necessitate not only 
novel theoretical calculations, but also the design and performance of new 
kinds of experiments. 

A third characteristic of missile development work is that such close 
interrelationships exist among the various technical areas that the entire 
project must be treated as a single, indivisible entity. For example, what 
is done in the guidance portion of the system can affect directly what must 
be done in the propulsion and airframe portions of the system, and 
vice versa. 

These characteristics make it clear why such work must be organized 
around strong teams of scientists and engineers. Further, for such teams 
to realize their fuirpotential, they must be headed by competent scientists 
and engineers to provide the proper technical management. And finally, 
all aspects of the organization and its procedures must be tailored care- 
fully to maximize the effectiveness of the technical people. 

Principles such as these have guided The Ramo -Wooldridge Corpora- 
tion in carrying out its responsibility for overall systems engineering and 
technical direction for the Air Force Intercontinental and Intermediate 
Range Ballistic Missiles. These major programs are characterized by their 
importance to the national welfare and by the high degree of challenge 
they offer to the qualified engineer and scientist. 



Openings exist for 
scientists and engineers 
in these fields of 
current activity : 



Guided Missile Research and Development 
Aerodynamics and Propulsion Systems 
Communications Systems 
Automation and Data Processing 
Digital Computers and Control Systems 
Airborne Electronic and Control Systems 
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New miniature diode 
construction foi 
cool operation 



Shown 

actual 

size 






Now, designers can incorporate Sylvania’s 
new miniaturized diode in equipment where 
space is at a premium. It meets the standard 
Retma outline of .105" maximum diameter and 
.265" maximum over-all length and meets re- 
quirements for automatic production methods. 
Its cqnstruction inherently assures greater 
reliability and superior performance. 




Metal eyelet — fused to glass 
tubing— provides strong con- 
struction and builds in pro- 
vision for cooler operation. 
In Sylvania’s metal to-glass 
package, heat is dissipated 
by the eyelets and leads. 




Preassembled cartridge — By pre- 
assembly of the diode cartridge, the 
metal-to-glass design affords another 
advantage. The whisker and die of the 
diode are not subjected to excessive 
sealing heats. There is no danger of 
breaking down the conductive char- 
acteristics of the diode. 



Features metal-to-glass 
ruggedness and 




Nickel-plated Steel pin — butt- 
welded to copper lead adds 
structural strength and provides 
coupling between the internal 
>de structure and the metal eyelet for greater 
it dissipation. Nickel plating insures strong 
Ids, and good solder sealing. 

New whisker mounting — The 

use of a crimp hold rather than 
impulse weld to mount the 
whisker eliminates the possibil- 
in production of overheating the tungsten 
isker. Thus, the conductive properties re- 
iin undisturbed, assuring more reliable per- 
mance over longer life. 





Smooth Solder Seal — is possible 
only with glass-to-metal con- 
struction. It adds reliability by 
preventing cracks and chips 
when leads are bent at right angles for mount- 
ing in printed circuit boards. 




f 1 

■ Write for complete details on this [ 

I important new diode development. I 
I Address Dept. A22R j 

! I 



Sylvania Electric Products Inc. 
1740 Broadway, New York 19, N. Y. 

In Canada: Sylvania Electric ( Canada ) Ltd. 
Shell Tower Bldg., Montreal 
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THE EDITORS NOTES 



EDUCATION AND COMPUTERS — I 

This issue of "Computers and Automation", 
vol. 6, no. 1, starts our sixth year of publication. 
For the first time we publish an issue in two parts, 
Part 1, a regular issue, and Part 2, "Education 
and Computers, Report No. 1". Why? 

At the Eastern Joint Computer Conference 
in New York, December 10 to 12, at the luncheon 
for the press on December 10, at the cocktail 
party that evening, at the meeting of the Council 
of the Association for Computing Machinery the 
evening of December 11, and at the meeting of 
the Joint Computer Conference Committee the 
evening of December 12, your editor noticed 
among other things a sense of concern and urgen- 
cy and even distress about something new. The 
subject was not machines, nor scientific frontiers 
in machines, nor programming — but people. 

The marvelous machines that we in the computer 
field have been making, the marvelous promises 
of help that these machines offer to human beings 
and their enterprises, are setting up a vast de- 
mand for people to come into the computer field. 
And not just any people, but educated people. 
Nearly every organization in the computer field 
is trying to hire educated people. 

And of course the computer field is not alone 
in needing educated people. The aircraft industry, 
the electronics industry generally, a great many 
branches of science, the executive ranks of bus- 
iness and industry, the teaching profession itself 
— all are hunting for educated people. In "Com- 
puters and Automation" for July we published some 
sad but important comparisons, which we repeat 
in Part 2 of this issue on page 50. 

It has never been a policy of ours to "let 
George do it". Here is a need where "Computers 
and Automation" might help. Let T s try. Part 2, 
"Education and Computers, Report No. 1" is the 
first step in trying. We hope there will be many 
more steps we can take. You, our readers — 
please write us, tell us, advise us. 



WHO'S WHO IN THE COMPUTER FIELD, 1956-7 

Here is a brief report as of December 20 
(January issue press time) on the status of "Who's 
Who in the Computer Field, 1956-7". (This is an 
extra number of "Computers and Automation", 



price $15, to be published early in 1957, which 
we expect will contain names, addresses, and 
some information for an estimated 10,000 com- 
puter people. ) We have received several thous- 
and Who's Who entry forms, including, for ex- 
ample, 62 from Ramo- Wooldridge alone. We have 
coUated these entry forms with all names and 
addresses of persons whom we know of as inter- 
ested in computers, and all Who's Who entries 
published June 1955 and later. We are busily 
producing final copy for the first part of the al- 
phabet. It now looks as if we may get the Who's 
Who to press in January. 

As to orders, we have received to date about 
130, or about 1/4 of what we estimated we would 
receive by this time. Evidently, not many people 
want the Who's Who, and it looks again like an 
unreasonable undertaking. 

* — * 

SPECIAL ISSUES OF 
"COMPUTERS AND 
AUTOMATION” 

The June issue of "Computers and Automa- 
tion" in each year commencing with 1 95 5 is a 
special issue, "The Computer Directory", con- 
taining a cumulative "Roster of Organizations" 
and a cumulative "Roster of Products and Services 
in the Computer Field", and other reference in- 
formation. 

In early 1957, we shall publish Edition No. 2 
of a cumulative "Who's Who in the Computer Field", 
as an extra number of "Computers and Automation". 
For more information, see page 38. 

* — * — — — — ■ ■ - * 
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Address Changes: If your address changes, please 
send us both your new and your old address (torn 
off from the wrapper if possible), and allow three 
weeks for the change. 
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thefirst 

electronic" Control center for a nation 
network of automated factories 





Think of it . . . Completely automatic factories, hun- 
dreds of miles apart, all operated by a single Remington 
Rand Univac® computing system. Flow of materials, 
processing, quality control, packaging, even market 
analysis, controlled from the electronic “brain center” 
. . . control so complete that when a shift in the wind 
changes the draft of a chimney at a distant plant, the 
computer corrects the firing of a boiler. 

Far fetched? Not at Univac. The Univac team of 
scientists, engineers and technicians has already de- 
signed the completely automatic factory. They have 
built a computer (Univac Scientific) capable of remote 
control of ten to a hundred factories. The next step — 
central control of chains of automated plants — will 
completely revolutionize' American industry. 

This is the kind of challenge that awaits you at 
Univac. As a Univac engineer or technician you’ll 
find top salaries, excellent working conditions and 
opportunities unlimited — unlimited as the future of 
Univac itself. 



®Reg. U.S. Pat. Off. 



IMMEDIATE OPENINGS FOR 

ELECTRONIC CIRCUIT DESIGNERS — To utilize such new circuit 
elements as transistors and magnetic amplifiers in high speed 
digital computing circuits. E.E. degree or equivalent experience 
required. Pulse circuit techniques, particularly such as are ac- 
quired in radar, telemetering, guided missiles or TV will satisfy 
many of our requirements. 

MAGNETIC CORE MEMORY — For memory core and general mag- 
netic testing projects. Degree in*E.E. or equivalent plus circuitry 
experience. To be responsible for program. 

LOGICAL DESIGNERS — Experience in logical design of digital 
computers. 

MECHANICAL ENGINEERS (ELECTRO) — Development of computer 
input-output devices and servo-mechanisms. Research and de- 
velopment work in the field of small, high speed, electrically- 
actuated mechanisms where ultra reliability is a must. 

PHYSICISTS — For research and development of new circuits. 
CHEMISTS — Inorganic or physical. Minimum of 5 years’ experience. 

TECHNICAL PUBLICATION ENGINEERS— Engineers with background 
in circuitry mathematics or symbolic logic with writing experience. 



Send Complete Resume to: 




DIVISION OF SPERRY RAND CORPORATION 



at any one of these four plant locations. 

D.A. BOWDOIN FRANK KING CAL BOSIN 

Dept. Pi-15 Dept. NJ-15 Dept. YJ-15 

2300 W. Allegheny Ave. Wilson Avenue 315 Fourth Ave. 

Philadelphia, Pa. South Norwalk, Conn. New York City 

J. N. WOODBURY, Dept. SJ-15, 1902 W. Minnehaha Ave., St. Paul V/4, Minnesota 







MODERN LARGE SCALE COMPUTER SYSTEM DESIGN 



WALTER F. BAUER 
The Ramo-Wooldridge Corporation 
Los Angeles, Calif. 



(This report arises from lectures the author has given in the special summer sessions on computers 
given at the University of Michigan in 1954, 1955 and 1956.) 



The objective of this report is to provide a 
survey of modern computer system design tech- 
nology especially as it pertains to the use of large- 
scale systems for commercial and scientific pur- 
poses. The areas to be discussed are: Memory 
Devices, Information Storage and Internal Check- 
ing, Operating Speeds, Instruction Logic, and In- 
put-Output and Off-Line Equipment. The compon- 
ents or design aspects of a number of modern com- 
puter systems will be referred to including the 
IBM-701, IBM-704, IBM-705, NORC, BIZMAC, 
UNIVAC I, UNIVAC H, Univac Scientific Models 
1103 and 1103A, and the LARC. These are the 
computers available for rent or purchase, or built 
by organizations which rent or sell computers. 
Occasionally other computers will be referred to. 
Under System Design, the Project ERMA machine 
and the Office of Air Controller machine will be 
briefly discussed. In this survey and comparison, 
emphasis will be placed on the unusual or especial- 
ly commendable aspects of the system. 

Conspicuous by its absence here is a Biblio- 
graphy of articles on the various machines and 
techniques presented. In this most rapidly chang- 
ing field, most new developments are almost never 
found in books, and are seldom found in journals. 
The information recorded here was gained through 
reading manufacturers 1 reports and brochures, 
through discussions with manufacturers’ agents, 
and through conversations with computer people 
generally. Manufacturers’ reports, brochures, 
and discussions are available for the asking. 

Memory Devices 

The first operating stored program comput- 
er, the SEAC computer of the National Bureau 
of Standards, was equipped with mercury delay 
line memory. A short time later the ERA -1101 
computer appeared with its magnetic drum mem- 
ory. Again within approximately one year’s time, 
the first cathode ray tube storage machines ap- 



peared, the first one of which, and most notable, 
was the Whirlwind I computer at M. I. T. The fam- 
ily of Institute for Advanced Study machines i n - 
volved the Williams tube -type storage which was 
somewhat different in design from that of the 
M. I. T. storage tube design. More recently the 
trend is toward the magnetic core memory. The 
first machines of commercial availability which 
were produced with magnetic core memories were 
the Univac Scientific, Model 1103 computers, and 
the first one delivered went to the Operations Re- 
search Office of Johns Hopkins University in July, 
1954. All succeeding 1103 type computers and the 
1103A types to follow have magnetic core memor- 
ies. With the more modern computers, again com- 
mercially available, the IBM-702 had electrostatic 
storage as did the 701. The 704 and 705 are 
equipped with magnetic core memories. The 
UNIVAC I is the only computer ever produced com- 
mercially with a mercury delay line type memory. 
Its successor, the UNIVAC H, to become available 
this year will involve a magnetic core memory for 
the basic high-speed internal storage device. 

Thus the significant trend in memory devices 
is toward magnetic core memory. Early electro- 
static memories were of rather low reliability. 

They required frequent adjustments during normal 
operating periods, and frequently the machine de- 
signers found it desirable to re-design deflection 
circuitries and other associated equipment. The 
result was that after two or three years of improve- 
ment gained through trial, error, and bitter exper- 
ience, electrostatic storage became a reliable in- 
strument and computers using this memory were 
very frequently recording reliability figures higher 
than 90%. However, the potential reliability of the 
magnetic core type is considerably greater. In 
private correspondence with William Papian of 
M. I. T. , this writer received the following inform- 
ation in regards memory reliability of Whirlwind I 
after the replacement of the electrostatic memory 
with the core: ’’The main interval between memory 
parity alarms increased from a few hours to about 
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two weeks, while the maximum interval went up 
from a few days to approximately six weeks. Spec- 
ific memory maintenance time was reduced from 
a large figure to a couple hours per month". Thus, 
the reliability measured in terms of intervals be- 
tween parity alarms or as represented by mainten- 
ance time increased by a factor of at least 10 in 
this case. Since probably upwards of 70% of the 
down time caused by electronic component failure 
(not including electro-mechanical devices) of a 
computer can be attributed to memory device fail- 
ures, overall computer reliability will jump con- 
siderably. 

Besides the advantages over electrostatic 
and mercury delay line type memories in areas 
of reliability, magnetic cores offer a tremendous 
speed advantage. The average access time with 
the mercury delay lines in the SEAC computer is 
192 microseconds. This can be compared with 
the 6-10 microseconds access time with the core 
memories. Magnetic cores offer only a slight mar- 
gin of greater speed over electrostatic types since 
electrostatic memories usually operate in the 10 
or 12 microsecond region (some considerably high/- 
er), whereas magnetic cores operate in the 6-8 
microsecond region. Specifications and character- 
istics of a number of modern computers are given 
in Table 1. The 4 microsecond memory cycle of 
the LARC computer as presnted there is essent- 
ially an effective cycle since the design is such 
that there is a 2 microsecond overlap between the 
next operation and the last 2 microseconds of the 
normal 6 microsecond cycle time of the memory 
— that is, the normal memory cycle involves 
something like the following: 2 microseconds for 
select and 2 microseconds for the destructive read. 
Selection of the next read is performed simultan- 
eously with re-writing the information destructed 
in the reading operation. 

It is generally agreed among computer de- 
signers that the conventional ferrite core cannot 
be switched at speeds which would result in basic 
cycles considerably less than 4 microseconds. 
Certain investigations continue in the direction of 
non-destructive read techniques. Also, it is ex- 
pected that the future will show shorter memory 
accesses with a magnetic device called the "film 
wafer". In this technique, the resulting magnetic 
field is extremely low in power and consequently 
can be switched at extremely high rates. Signal 
amplification and reliability will be the critical 
obstacles in this development. 

Memory sizes are increasing as fqst as 
memory speeds. The conventional high-speed 



computer for scientific purposes has 4,096 words 
of magnetic core storage with options of 8,000 and 

12.000 words, and in some cases an optional 32,000 
word core memory. Table 1 lists the memory sizes 
available, together with certain optional sizes. High 
capacity, ultra-high access memories are necessary 
in scientific computing activities. Most large-scale 
scientific installations are happy with 4,000 to 8,000 
words of high-speed storage. The IBM Corporation 
has announced the future availability of a 32,000 word 
magnetic core storage. The three options available 
are 4,000, 8,000, and 32,000 words with respective 
monthly rental figures of approximately $6,000.00, 
$12,000.00 and $15,000.00. The difference in rental 
price between 8,000 words of core storage and 16,000 
words of drum storage, as compared with 32,000 
words core storage, is almost negligable. Because 
of this, most installations who have need for 8,000 
words of magnetic core and a considerable amount 

of drum storage are ordering the 32,000 word core 
storage. Presently, up to 12,000 words of magnetic 
core storage are available on the 1103A computer, 
together with 16,000 words of drum storage. It is 
expected that optional replacement of the magnetic 
drum with magnetic core will be announced soon. 

Dr. Edward Teller of the University of Cal- 
ifornia Radiation Laboratory at Livermore which 
wrote the specifications for and ordered the LARC 
computer, opined at the Western Joint Computer 
Conference in San Francisco in January, 1956, that 
the 50-100,000 words of high-speed storage to which 
people have occasionally referred, does not appear 
on the horizon as a necessity for the hydrodynamics 
applications of that group. Essentially, the Liver- 
more group feels that the 20,000 words of core stor- 
age will suffice. The interest in the 32,000 words 
of core storage in connection with the IBM comput- 
ers as referred to above largely results only from 
the fact that the small increase in price is attrac- 
tive even in view of the increase, only moderate, 
in flexibility and convenience with the capacious 
high-speed storage. There is little doubt, however, 
that the future will see many problems requiring 

32.000 word, or larger, core memories. 

The need for a moderate-speed, medium ac- 
cess and high volume storage for commercial pur- 
poses is great, however. IBM has recently 
announced the IBM-305 Magnetic Disc memory. 

This memory will allow relatively low access to 
5 million characters of information stored on discs 
to which reading and recording heads will travel 
for read and. write operations. Remington Rand 
had included in their LARC proposal a magnetic 
disc file which would allow access to each of two 
million words of information in less than one 
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second. This has been removed from the LAKC 
equipment complement but a reasonable guess is 
that equipment of this type is contemplated for 
future systems. 

On Table 1 there is also included the drum 
storage available on the various computers. The 
drums on the 701, 704, and 705 computers turn at 
rates which give maximum access times of 100, 

25, and 16 milliseconds respectively. The drum 
on the Univac Scientific models turns at about 1800 
r.p.m. with a consequent maximum access time 
of 35 milliseconds. The addressing scheme on the 
Univac Scientific drums is such that each of the 
16,384 words can be addressed directly and can 
be used as an operand in the instructions. There 
is a trend in magnetic drum storage devices toward 
a higher pulse density with more modern techniques 
such as non-return~to-zero recording. This re- 
sults in greater storage capacity for a given size 
drum and a higher transfer rate after the waiting 
or access time. It is of small consequence to the 
user except for the fact that it will probably re - 
suit in a lower cost per item stored on magnetic 
drum. All of the magnetic drums on these comput- 
ers are of the "single head type". — that is, one 
head is used for both reading and writing on each 
track. It is also interesting to note that since 
these drums are used for semi-bulk storage, no 
schemes for reducing access time such as the 
circulating registers on the ElectroData computer 
and the Bendix G-15 computer are in evidence. 

On Table 2 there is recorded the major 
characteristics of the various tape units used with 
the large-scale computers. It is interesting to 
note that all of the tapes involve the parity bit for 
checking. Also, all of these tape units record 
the information as 6 bits plus a parity check bit 
plus a bit serving as a timing channel. The hori- 
zontal parity bit on the IBM 727 tape units is an 
innovation and involves forming parity bits for 
each of the 6 information channels of the entire 
unit record after each record is recorded. In the 
case of a parity bit failure with the Uniservo I 
and n equipments, the information is re-read auto- 
matically twice with bias voltages changed, and the 
parity bit re-checked each time. The Uniservo I 
equipment to be used with the first models of the 
1103A involves, in addition to the parity check bit, 
the placing of a certain code word in a register 
upon the occurrence of a parity bit failure. By 
means of programming, the information can be re- 
read with high and low bias voltages with the ex- 
pectation that such re-reading will be performed 
correctly. 



Au tom a ti on 

The obvious trend with magnetic tapes is to- 
ward an increase in speed and recording density. 
For example, the transfer rate of the tapes used 
on the 1103A will be ten times greater than the 
Raytheon units used with the 1103, and at a later 
date the Uniservo II equipments will provide an in- 
crease factor of about 16 over the Raytheon units. 
The very high transfer rate on the special magnet- 
ic tapes of the NORC computer is achieved primar- 
ily by the high recording density of 510 pulses per 
inch, and 140 inches per second tape speed. 

It is interesting to note that none of these 
computers have the means to accomplish independ- 
ent tape search. We refer to the ability to com- 
mand a search for a particular block of information 
on magnetic tape and have the search carried out 
while computation proceeds. This feature is found 
on many of the smaller drum computers. While 
simultaneous read and write is possible with both 
the Univac and IBM-705, it is interesting to note 
that complete flexibility such as simultaneous writ- 
ing on two or more tape units is still an item for 
the future in large-scale system design. IBM plans 
to announce a modification of the 704 which will 
allow this. 



Information Storage and Internal Checking 

There exists a definite trend in large-scale 
computer system design toward the handling of num- 
erical information in decimal form and the ability 
to handle the full keyboard of alphabetic characters. 
The scientific computers now on the market still 
use the binary type of internal storage; however, it 
is likely that the 704 and the 1103 A will be the last 
scientific computers to use the internal binary num- 
ber system. This will probably be true despite the 
feelings of certain groups using scientific calculat- 
ors that the storage of numerical information in bi- 
nary form has distinct advantages in performing the 
complicated programming logic desired in scientif- 
ic applications. It is entirely possible that future 
scientific computers will include the logic to handle 
both decimal and binary information. 

The internal checks mentioned in Table 3 in- 
volve that checking performed in the machine in 
the control unit and in transfers between the various 
units such as transfers between the memory unit 
and control unit. We have discussed checking feat- 
ures above in connection with magnetic tape units. 

Perhaps the situation in regards internal 
checking which is most in evidence is that internal 
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TABLE 1 

COMPUTER STORAGE 

High Speed Storage* High Speed Storage 



Computer 


Memory Type Access Time 




Drum Memory 


IBM-701 


Cathode Ray Tube 
or Magnetic Core 


12 


2,048 or 4,096 


8192 words 


IBM-704 


Magnetic Core 


12 


4,096, 8,192 or 


8192 or 16,384 








32,768 words 


words 


IBM-702 


Cathode Ray Tube 


23 


10,000 characters 


60,000 characters 


IBM-705 


Magnetic Core 


17 


20,000 characters 


60,000 characters 


NORC 


Cathode Ray Tube 


8 


3,600 words 


— 


BIZMAC 


Magnetic Core 


20 


4,096 characters 


16,368 or 
32,736 characters 


UNIVAC I 


Mercury Delay Line 400 (max. ) 


1,000 words 


— 


UNIVAC n 


Magnetic Core 


40 


2,000-10,000 

words 


— 


Univac Scientific 


Cathode Ray Tube or 


12 


1,024 words 


16,384 words 


Model 1103 


Magnetic Core 


8 






Univac Scientific 


Magnetic Core 


8 


4,096, 8,192 or 


16,384 words 


Model 1103A 






12,288 words 




LARC 


Magnetic Core 


4 


20,000-97,500 

words 


3,000,000 words 


*in microseconds 




TABLE 2 








MAGNETIC TAPE UNITS 




Computer 


Tape Checking 


Magnetic Tape Type 


Transfer Rate 


IBM-701 Model 1 


Parity bit 


Type 726 




1250 words / second 


IBM-701 Model 2 








2500 words / second 


IBM-702 


{Vertical and! 


) 




15,000 char / second 


IBM-704 


J Horizontal > 


(Type 727 




2500 words / second 


IBM-705 


{.Parity bit J 


) 




15,000 char / second 


NORC 


Bit count-modulo four 


Modified Type 727 


4,000 words / second 




Digit count 
Illegal Combinations 








BIZMAC 


Parity bit 


Special 




10,000 char / second 


UNIVAC I 


Parity bit, character count, 
and automatic re-read 


Uniservo I 




12,800 char / second 


UNIVAC n 


Parity bit, character count. 


Uniservo It 


20,000 char / second 



and automatic re-read 



(Table 2 continued on next page) 

- 11 - 



Computers and Automation 
(Table 2: continued from preceding page) 

Computer Tape Checking Magnetic Tape Type 

Univac Scientific Double recording Raytheon 

Model 1103 



Univac Scientific Parity bit and character Uniservo n* 

Model 1103A count 



LARC 



Parity bit, character count, Uniservo II 

and automatic re-read 



♦first models equipped with Uniservo I with 
parity bit and character count checks 



Transfer Rate 
200 words / second 

3,300 words / second 

2,000 words / second 





TABLE 3 

INFORMATION STORAGE 




Computer 


Word or Character Length 


Storage Item Type 


Internal Checking 


IBM-701, 704 


36 binary digits/word 


Binary 


— 


IBM-702, 705 


6 binary digits/char. 


Decimal -Alphabetic 


Instruction verification, 
Parity on transfer 


NORC 


16 decimal digits and 
sign/ word 


Decimal 


Bit count and 
arithmetic check 


UNIVAC I, n 


11 characters and sign 
(or character)/worcf 


Decimal -Alphabetic 


Parity on transfer, 
arithmetic check 


BIZMAC 


6 binary digits/char. 


De cimal -Alphabetic 


Instruction verification 
Parity on Transfer 
Parallel arithmetic 
and control 


Univac Scientific 
Model 1103, 1103A 


36 binary digits/word 


Binary 


— 


LARC 


11 decimal digits and 
sign/word 


Decimal 


Parity on transfer 
Illegal combination 
check 
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checking features are increasing in number. One 
notices that the 701 and 1103 had no internal check- 
ing at all. The trend is seen especially in the com- 
puters for business. This is probably due to the 
fact that one number wrong out of a thousand num- 
bers is not catastrophic in scientific work; usually 
the scientist knows on the basis of reasonableness 
what to expect and can ferret out the incorrect val- 
ue from many. Also, many scientific problems 
allow a natural check. For example, the answer 
to a linear system of algebraic equations can be 
checking by re -substitution thereby allowing, in a 
few seconds, a complete check on hours of comput- 
er time. In the case of the business application, 
however, one wrong answer often means an irate 
employee or customer (or ex-customer). Another 
factor may be the rather conservation outlook 
which the businessman has toward electronic de- 
vices. 

The design of Univac I centered around the 
requirements of the Bureau of Census, for the 
first Univac was delivered there in 1951. The 
Bureau specifications called for a machine having 
ample checking features for the assurance of the 
correct processing of the large amount of census 
data. In the Univac this was accomplished by build- 
ing parallel arithme tic units and control units 
which perform the operations twice, simultaneously 
and independently, followed by an appropriate check. 
The trend is away from such parallel construction 
which implies duplicate equipment and toward other 
types such as parity checks on transfer. Despite 
certain shortcomings evident today, it is amazing 
that the Univac, designed 7-8 years ago, has with- 
stood the test of time in the face of extremely rapid 
technological improvements. 

Some of the more common checks in use to- 
day are as follows: 

1. Parallel arithmetic 

2. Parity bit on transfer 

3. Illegitimate combination 

4. Arithmetic checks 

5. Instruction verification. 

The parallel arithmetic check of the Univac has 
been described above. Parity bit check on transfer 
is perhaps most commonly used today. On each 
transfer between the various units the parity bit 
is checked and the machine halted or a signal ini- 
tiated upon the detection of an improper parity. 

The illegitimate combination check implies that a 
check is made to see whether the character code 
is legitimate or whether the instruction code is in 
the computer repertoire. With the character code 



check for computers performing decimal arithmetic 
the four binary digits (or, in some cases* six binary 
digits) representing one of the digits from 0 to 9 
would be checked to see if the combinations 10 
through 15 were present. This type of check is very 
popular in medium-speed computer design, and is 
included, as examples, in the Datatron and IBM- 
650. 

The arithmetic check usually involves the 
carrying of a check digit along with operands in 
the arithmetic operations. These check digits re- 
main invariant under the operation. As a result of 
the same operation performed on the check digit a 
check can be made to determine whether that digit 
is appropriate to the result. This type check is 
found on the NGRC computer. The bit count check 
of the NORC is essentially a parity bit but sums the 
binary digits modulo 4 rather than modulo 2 as with 
the parity bit. 

The instruction verification check is found on 
the IBM-702 and IBM-705 computers and involves 
checking an instruction while it is being performed 
to determine whether the instruction code digits 
are legal and have been interpreted correctly. 

Operating Speeds 

In Table 4 there is shown the operation times 
for the computers. All operation times include the 
appropriate number of accesses to the memory in- 
cluding the access time necessary to get the instruc- 
tion itself. This implies 2 accesses for the 704, 3 
accesses with the 1103, and 4 with the NORC. Ar- 
ithmetic operation times on the 702, 705, and the 
BIZMAC, those computers intended solely for bus- 
iness applications, are based on the assumption 
that all operands are 5 digits in length. 

No important trends are in evidence here ex- 
cept the obvious one that computing times for the 
scientific computers is drastically reduced with 
the announcement of each new system. The most 
recently announced computer, the LARC, has the 
remarkable addition time of 4 microseconds, 
achieved mainly by an overlap between instruction 
execution and memory access. Recently, the Un- 
iversity of. California Radiation Laboratory at Los 
Alamos asked for bids on a computer which would 
have an addition time less than one microsecond 
including memory access. The response to this 
request is the EBM-STRE TCH Project which will 
result in a computer considerably more advanced 
than the LARC. 
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There are a number of interesting compari- 
sons. For scientific computations the 704 enjoys 
a wide margin of speed over its predecessor, the 
701, besides the floating point feature which the 701 
does not have. Since the 1103A is almost complete- 
ly program-compatible with the 1103, the differ- 
ences in time reflect only the difference in oper- 
ating speeds between the electrostatic and the mag- 
netic core memories. The add and divide times 
for the 1103 (1103A) are seen to be considerably 
slower than those of the 704, while the multiply 
times are comparable. The NORC will most likely 
be the fastest computer in operation until early 
1958 when the LARC appears. No figures are avail- 
able for the STRETCH computer to be announced 
by IBM for operation about 1960. 

Operating speeds for the commercial com- 
puters are considerably less important. The core 
memory of the 705 has given it a considerable speed 
advantage over the 702. The greatly increased 
speed of the Univac II over its predecessor Univac I 
will no doubt allow greater convenience and flex- 
ibility in those commercial applications where 
computation must proceed simultaneously with tape 
transfers as it does in most cases. 



Instruction Logic 

A short time ago a divergence of opinion close 
to a controversy existed between the advocates of 
the single address logic and advocates of the mul- 
tiple (usually three, sometimes four) address logic. 

In 1951 the SEAC and Mark HI computers with their 
four-and three-address logic were compared with 
the Whirlwind and ERA-1101 with their single ad- 
dress logic. Champions of the single address got 
a big boost when the so-called Princeton (Institute 
for Advanced Study, or von Neumann) machines 
and the IBM machines appeared. Except for the 
NORC and the 1103 and 1103 A, all the large-scale 
computers 6f Table 5 have single address instruc- 
tion structure, thus indicating the rather general 
acceptance of the advantages of single-address log- 
ic. 

Advocates of the single -address logic say 
that it is natural — that the programming pro- 
cesses are similar to those of a desk calculator, 
the accumulator of the high-speed device having 
the central dials as its counterpart on the mech- 
anical device. Despite the advantages, certain 
important disadvantages exist in a hypothetical 
system where there is an accumulator and one 
can use instructions, each with a single address. 

Take, as a simple example, evaluating the alge- 
braic expression ab + cd. After multiplying a by 
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b, the result most be removed from the accum- 
ulator so that the product cd can be formed there. 
Later ab is essentially returned to the accumulator 
for formation of the final value. As another example, 
suppose in the commercial application a part number 
is being searched for. The part number is stored in 
the accumulator and is compared with, say, part 
numbers from magnetic tape. As each part number 
is compared with the one sought, the number is re- 
moved from the accumulator so that it can be used 
for address modification. In each of these cases it 
seems desirable to have a second accumulator and 
an instruction logic which can make use of either 
one. In each of the examples cited approximately 
one out of six instructions could be saved by the 
second accumulator. 

Advocates of multiple addressing schemes 
point to the flexibility and convenience in using 
two and three address instructions in logical and 
transfer of control operations. Consider the con- 
ditional transfer of control operation. Advocates 
of the two address logic, for example, would point 
out that the two branches of the program are clearly 
and explicitly given in the instruction; the contents 
of address X is compared with the accumulator and 
control either reverts to the next instruction or to 
Y, the other address given. These people would 
say that this is handled awkwardly in the single 
address scheme where two instructions are neces- 
sary to handle the normal program biforcation: one 
to form the difference between the quantity in X 
and the accumulator, another to transfer if that 
difference is positive. 

Nevertheless, the single -address instruction 
logic, in overall evaluation probably scores high- 
est, for, besides advantages to the user, it offers 
certain simplicity in the control components. How- 
ever, the addressing system apparently gaining 
popularity may be referred to as the "augmented 
single address" or the "one-and-one-half address 
logic". In this logic there is only one address , 
and, therefore, only one operand involved in oper- 
ations with the accumulator. However, the accum- 
ulator has a number of parts or a number of special 
registers are available for use with certain orders. 
The normal operations are modified (or subdivided) 
into similar operations but dealing with a special 
part of the accumulator or a special register. Al- 
though none of the large-scale systems have pro- 
gressed far along these lines, the DBM-705 does 
indeed have a total of 16 accumulator registers, 
each one of which is available for addition and 
comparison operations. 

The idea of having certain special registers 
is certainly not new. Most single address comput- 
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ers have an "x register" or something equivalent. 
However, there wiU no doubt be an increasing 
use of these registers for greater flexibility and 
more powerful operations. 

The "polynomial multiply" instruction is an 
example. This rather new instruction takes the 
contents of the accumulator, multiples it by the 
contents of address A, adds the product to contents 
of B, leaving the result in the accumulator. One 
sees that with this process one makes one step in 
evaluating the polynomial in the "inside out" man- 
ner as indicated by 

|V n X + Vi V2] X. • • ] +A 0 

This operation is performed very frequently in 
scientific computation. The Univac Scientific Mod- 
el 1103A will be equipped with this instruction. No 
special X register is necessary with the 1103A 
since it has a two-address scheme. However, the 
future will no doubt see more of these special reg- 
isters with their attendant flexibility. As a matter 
of fact, the LARC will have two decimal digits of 
the instruction word reserved to specify (up to 
100) special arithmetic registers. IBM will soon 
announce changes in the 704 which will be along 
the lines of more powerful instructions such as the 
polynomial multiply mentioned above. 

Let us examine Table 5 containing an evalu- 
ation of the instruction logic of six large-scale 
computers intended primarily for scientific applic- 
ations, and Univac I and n, intended mostly for 
commercial applications but used to great extent 
in scientific work. Despite the fact that the 705 
is not listed in the table, it should be realized 
that its variable word length operation means that 
it can be profitably used on many scientific prob- 
lems, especially those involving extra-precision 
or programmed floating point. 

"Address Modification" is the first category. 
A computer with the B-register for automatic ad- 
dress modification gets the "excellent" rating, all 
others the "fair" rating except the 1103 and 1103A 
which have the "repeat" feature which allows auto- 
matic address modification with less flexibility. 

The B-register is an important feature, .since 
machines equipped with it probably use 15-20 per- 
cent less storage for instructions and operate 
about 10 percent faster on representative problems. 

The next category, "overflow handling", in- 
volves the provisions for the detection and handling 
of overflow in arithmetic operations. The 701, 
IM^NQRC, Univac I, and H all have the ability to 



interrogate by means of the program whether over- 
flow has occurred and, therefore, the ability to 
correct it quickly and automatically by means of 
the program. Optionally, these computers will 
halt on overflow detection. The 1103 and 1103A 
have only an alarm which stops the computer on 
alarm detection. The LARC will have a complete 
detection system which will allow an automatic 
jump to one of a number of registers depending on 
the operation producing the overflow. Overflow 
handling with the floating point computers (704, 

NORC, 1103A) is hot as important as with those 
having only fixed point operations. 

"Program Checking" features are those 
designed to help the programmer in rapid program- 
ming mistake diagnosis. The 701, NORC, and 1103- 
1103A have virtually no built-in features for mistake 
diagnosis. The Univac I and II have breakpoints 
which allow the programmer to halt the computer 
(or cause change of control) at specified points in 
the program. The 704 has a "trapping mode" which 
allows high-speed tracing of the program by caus- 
ing control jump to special cells and the wherewithal 
to return when the program reaches any jump in- 
struction. The LARC will have an elaborate break- 
point system and will, in addition, allow the pro- 
grammer to address the "current instruction count- 
er" directly. Also, the address of the "last jump" 
will be filed and will be available directly to the 
programmer. This provides the wherewithal for 
the development of extremely high-speed, complete 
program "debugging" routines. 

The "Arithmetic Operations" category refers 
to the part of the machine logic designed to make 
arithmetic easy and convenient. Taken into account 
here are instructions for double precision, floating 
point (by programming), and ease of accomplish- 
ment of arithmetic operations. It is comparatively 
somewhat awkward on the Univac I— II to perform 
addition since three instructions (one and one -half 
words) are necessary. Also the Univac I— II does 
not have a double length accumulator convenient in 
arithmetic operations. The 1103-1103A has the 
multiply-add instruction which allows, in one in- 
struction, a multiplication and an addition of the 
product to a previously obtained quantity, and pro- 
vides, with the use of the repeat instruction, evalua- 
tion of a vector inner product (a-^b 1 + a 2 b 2 +. . . 

+a b ) with only two instructions. As previously 
mentioned, the 1103A will be equipped with a poly- 
nomial multiply instruction in floating point. The 
most recently designed computer, the LARC, will 
have a host of instructions for convenient arithmet- 
ic operations. Included, for example, are instruc- 
tions which will actually perform double precision 
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